This study aimed at examining the effect of overfeeding on the activity of the mTOR pathway in the liver and muscle tissues of Gang geese. Eighty healthy male Gang geese were reared under the same feeding conditions, and were divided at 14 weeks of age into a control group and an overfed group. All birds were slaughtered after three weeks of over feeding. Gene expression and protein content of several genes involved in the mTOR pathway were evaluated. The results showed that the gene expression of mTOR, raptor, and rictor, and the protein contents of mTOR and PI3K were higher in liver, breast muscle, and leg muscle of the overfed group than that of control group. However, the S6K expression level was clearly lower in the liver of the overfed group than that of control group, and there was no evident difference in both breast muscle and leg muscle between the control group and the overfed group. These results suggest that overfeeding induces the activity of raptor, rictor, and mTOR, and that mTOR signaling pathway was closely linked with PI3K pathway in the evaluated geese.
INtRODUCtION
The tissues in Landes geese present different sensitivity to over feeding (Chunchun et al. 2008; Xu et al. 2010 ). The liver is naturally susceptible steatosis, which may increase more than 10-fold in two weeks and account for up to 10% of the body weight after overfeeding with a carbohydrate-rich diet for less than two weeks (Hermier et al., 1994) , while muscle and adipose tissue were less developed (Davail et al., 2000) . In recent years, several evidences point to an important role of the mTOR signaling pathway for controlling specific aspects of cellular growth and metabolism through various mechanisms (Howell & Manning, 2011; Laplante & Sabatini, 2009a; Yecies & Manning, 2011) . However, considering the specific mechanisms of body metabolism in avian species, little is known about the relationship between the activity of mTOR pathway and the effect of overfeeding with highcarbohydrate diet in goose tissues.
The mTOR protein is a serine/threonine kinase belonging to the phosphoinositide 3-kinase (PI3K)-related kinase family and has emerged as a central mediator in regulating cell growth, proliferation and lies at the heart of a nutrient-sensing signaling network that controls cellular metabolism (Hay & Sonenberg, 2004; Howell & Manning, 2011; Laplante & Sabatini, 2009b; Saltiel & Kahn, 2001) . In mammalian cells, two structurally and functionally distinct enzyme complexes have been identified: mTORC1, in which mTOR is bound to the protein partner raptor, and mTORC2, in which mTOR is bound to another protein partner named rictor (Sarbassov et al., 2005a; Wullschleger et al., 2006) . These protein complexes appear to have distinct biological functions. The binding of raptor to mTOR is necessary for the activity of S6K. Studies have suggested that upstream signals regulate the raptor-mTOR interaction and thereby the activity of mTORC1. When activated, mTORC1 positively regulates cellular metabolism by promoting S6K phosphorylation and the expression of genes involved in metabolic regulation (Sipula et al. 2006a ). An inhibitor of mTOR1, rapamycin, is able to revert this phenotype and almost completely abolish p70 S6 kinase phosphorylation (Brown et al., 2007; Sipula et al., 2006b) . Several studies suggest the best-characterized function of rictor-mTOR plays an important role in Akt/PKB activation (Khamzina et al., 2005b; Rivas et al., 2009a; Watanabe et al., 2011) , but the physiological roles and molecular mechanisms of action of mTORC2 are not so clear (Jones et al., 2009) .
Gang goose is a Chinese goose breed famous for its high capability of fatty liver production. Overfeeding has been regarded as the main method for goose fatty liver (foie gras) production. Considering the differences of susceptibility to overfeeding among tissues, the present study was designed to identify whether overfeeding induces the mTOR path way activation in goose tissues. The mRNA level of several genes involved in mTOR pathway, such as mTOR, raptor and rictor, S6K and the enzyme activity of mTOR and PI3K(a vital upstream activator of mTOR) in the liver were examined in a control group and overfed group of Gang geese. The relevant gene expression of the mTOR signaling pathway at different stages of overfeeding was also identified in the breast and leg muscles.
MAtERIALS AND MEtHODS

Experimental animals
Eighty healthy male Gang geese, hatched on the same day, were reared under natural conditions of light and temperature at Xichang Huanong Qinye Co. Ltd. Between 0 and 13 weeks, geese were housed collectively and then raised in separated pens during the over feeding period. Between 0 and 4 week of age, the geese had free access to a starter diet containing 2,900 kcal and 205 g protein/kg. Between 4 and 13 weeks, they were fed a grower diet containing 11 MJ/kg and 13.8% protein. The daily amount of feed provided was 200 g between four and five weeks, 300 g between five and eight weeks, and 150 g between eight and 13 weeks. At 14 weeks of age, the geese were divided into two groups: a control group, including 20 geese, and an overfed group including 60 geese. The control group still had free access to the diet, and the over fed group began the period of "pre-overfeeding", during which the feed restriction was released progressively to increase the volume of the esophagus and to initiate the metabolic adaptation to over feeding. The three weeks of overfeeding period began. On days 1-3 of the overfeeding period, the geese were received two meals a day of a carbohydrate-rich diet consisting of corn and broken rice (14 MJ/kg, 9% protein, and 0.45% fat), 0.2% pig fat, 0.2% rapeseed oil, 0.8% salt, and 0.5% bee sugar. The final mixture consisted of approximately 70% feed and 30% water (9.87 MJ, 63 g protein, and 7.15 g lipid per kg) ( Table 1 ). All birds were sacrificed on the next day after overfeeding period ended. Birds had free access to water at any time during the entire rearing period. They were supplied with water, but deprived of feed overnight for 18 h before sacrifice. All experimental procedures were approved by the Guidelines on Humane Treatment of Laboratory Animals in Sichuan Agricultural University (2014). Tissue samples (20 g) including the liver, breast muscle, and leg muscle were collected from individual geese immediately after slaughter. The samples were frozen in liquid nitrogen and stored at -80°C until analysis of enzymatic activity and mRNA level.
RNA isolation and cDNA synthesis
Total RNA was extracted from the liver, breast muscle, leg muscle, abdominal adipose tissue, and subcutaneous adipose tissue using the Trizol reagent (Invitrogen) and treated with RNase-free DNase I (TakaRa Biotechnology Co. Ltd., Dalian, China) to remove contaminated genomic DNA. The first strand cDNA was synthesized through the ImProm-II Reverse Transcription System (TakaRa Biotechnology Co. Ltd., Dalian, China), as detailed in the manufacturer's instructions. Its quality and concentration were determined using a photometer (Eppendorf Biophotometer, Germany). The reaction was performed following the manufacturer's instructions (Takara, Japan) and the cDNA product was stored at -20°C. 
Change of the mTOR Pathway in Tissues of Overfed Geese
Quantitative analysis of mTOR, raptor, rictor, andS6K mRNA expression Quantitative RT-PCR was used to detect the gene expression level of the mTOR pathway in different tissues using the SYBR PrimerScript RT-PCR kit (Takara, Dalian) in the iCycler CFX multicolor Real-time PCR Detection System (Bio-Rad, USA). The whole PCR was performed on the Cycler system with a reaction volume of25mL, which included 12.5 μLSYBR Premix EX Taq, 10.5μLsterile water, 2.0 μLcDNA, and 0.5 μLof each gene-specific primer. Real-time PCR was performed using the Cycler system (starting cycle of 95°C for 10 s, followed by 40 cycles of 95°C for 5 s and 60°C for 40 s). An 80-cycle melt curve was performed, starting at 55°C and increasing by 0.5°C/10 s to determine primer specificity. Specific primers for every gene were designed according to the goose gene sequences and are listed in Table 2 . The relative expression ratio of target gene, normalized by β-actin and 18S (housekeeping genes) expression level, was calculated using the Multicolor Real-Time PCR Detection System CFX software (Bio-Rad) using the calibrator-normalized relative quantification method 2 −ΔΔCT . 
Measurement of PI3K and mTOR enzyme activity in the liver
The PI3K and mTOR enzyme activity were examined using Geese PI3K and mTOR ELISA kit (Yanhui, China). The assay procedure followed the manufacturer's instructions. The purified geese antibody was used to coat microtiter platewells, then target proteins were added to the wells, which, combined protein with labeled HRP, become antibody-antigen-enzymeantibody complex. Then, TMb substrate solution was added after complete washing. The color change was measured by spectrophotometry at a wavelength of 450nm. The concentrations of the target proteins were determined by comparing the optical density (OD) of the samples with the standard curve.
Statistical analysis
Results were shown as means ± standard deviation (SD). The differences were considered significant as p<0.05. The data were submitted to analysis of variance (SAS, 1999) and means were compared by Tukey's test. Analysis of variance and t-tests were performed using the SAS 9.13 package (SAS Institute Inc., Cary, NC).
RESULtS
Effect of overfeeding on gene expression of mTOR pathway in the liver, breast muscle, and leg muscle
The mTOR gene expression in tissues examined was shown in Figure 1 . The mTOR gene expression in the liver of overfed geese was higher than that in the control group (p<0.05). No significant differences were detected in breast muscle and leg muscle between the control group and overfed group. The expression levels of raptor and rictor are shown in Figure 2 and Figure 3 . The transcriptional level patterns of raptor and rictor were different compared with mTOR. The expression level of raptor was higher in the overfed group than in the control group both in the breast muscle and in the leg muscle (p<0.05); however, rictor was only higher in the breast muscle of the overfed group, and no significant differences were detected in liver and leg muscle between groups. 
Change of the mTOR Pathway in Tissues of Overfed Geese
Figure 3 showsS6K expression levels in the liver, breast and leg muscle tissues. The expression level of S6K in the liver was lower in the overfed group than in the control group (p<0.05), while no significant differences were observed in the leg and breast muscle tissues between groups. Protein content of mTOR and PI3K in the liver, breast muscle, and leg muscle In order to determine if overfeeding-stimulated mTOR pathway activation was dependent on the PI3K pathway, mTOR and PI3K protein contents in the liver, breast muscle and leg muscle were measured and are reported in Figure 5 . The PI3K protein content was higher in all the three tissues of the overfed group compared with the control group (p<0.05; Figure5A).
In addition, mTOR protein content was also higher in the three evaluated tissues of the overfed group compared with the control group (p<0.05; Figure 5B ), and the mRNA abundance of mTOR was also higher in the experimental group. Our result suggested that mTOR pathway activation was closely linked to the PI3K pathway. 
DISCUSSION
Several studies have revealed that both HC (highcarbohydrate) and HF (high-fat) overfeeding led to significant increases in activation of the nutrient sensor, mTOR, and its downstream target, S6K1 (Adochio et al., 2009; Khamzina et al., 2005a) . The in-vivo formation and activation of mTORC1 and 2 and the activation of their respective downstream substrates were up-regulated in rats fed a high-fat diet (Rivas et al., 2009b) . Our results support the above conclusion that high-carbohydrate overfeeding stimulates the activity of the mTOR pathway in goose tissues. The activation pattern of mTOR pathway may be explained as follows: overfeeding induces mTOR activation by mTORC1-dependent feedback mechanisms (Adochio et al., 2009; Howell & Manning, 2011; Tremblay & Marette, 2001) . Overfeeding with a high-carbohydrate diet leads to significant increases in the activation of mTORC1 when mTOR is bound to the protein partner raptor. When activated, mTORC1 can exert negative regulatory effects on upstream signaling molecules, which leads to an attenuation of PI3K phosphorylation and activation, partially decreasing the activity of the downstream targets, mTOR and S6K1. On the other hand, previous studies have shown that S6K1-mediated phosphorylation of the core mTORC2 component Rictor was associated with the attenuation of Akt phosphorylation and activation (Dibble et al., 2009; Julien et al., 2010) . Knockdown of either mTOR or rictor, but not raptor, significantly decreases Akt phosphorylation (Sarbassov et al., 2005b) . In the present study, the results showed that both rictor and raptor gene expressions were higher in the overfed group than in the control group, which indicates that mTOR/S6K activity may rely on both rictor-and raptormediated Aktactivity.
In some palmipedes species, such as geese, overfeeding with a carbohydrate-rich diet results in high lipid synthesis and accumulation. Also fatty acids are also synthesized in the adipose tissue, he liver is the main site of this synthesis (Hermier, 1997; Saadoun & Leclercq, 1987) . In overfed geese, Because of a less efficient secretion of the hepatic lipids towards secretion into the plasma and adipose storage tissues Hermier et al., 2003) and by inhibiting the absorption of plasma lipids by extrahepatic tissues (Zechner, 1997) , excessive carbohydrates are converted into fatty acids and preferentially deposited for storage as triglycerides in liver, while muscle tissues are less sensitive to overfeeding in geese (Davail et al., 2000) . In addition, as lipid deposition increases in the liver, the capacity of lipid deposition and other metabolism functions of this organ dramatically change, and consequently, the lipids synthetized by liver are transferred to extrahepatic tissues for storage. In contrast with the mechanism of lipid metabolism regulation in other animals, our data demonstrated that mTOR and raptor expression levels were higher in the overfed group, but rictor and S6Kexpression level showed a clear difference among different tissues. In the control group, higher mTOR gene expression were found in the breast and leg muscles compared with the liver, whereas in the overfed group, mTOR protein content was higher in liver than in the other evaluated tissues. Recent studies found that changes in the expression of mTOR, which is at the heart of a nutrient-sensing signaling network that controls cellular metabolism (Howell & Manning, 2011; Xu et al., 2010) , may be related to the different susceptibility levels to overfeeding and to lipid storage and transport in goose tissues.
The gene mTOR is the key regulator of controlling cell growth and metabolism, and the binding of mTOR to raptor regulates metabolic activity through phosphorylation and activity of the downstream targets, such as S6K.Previous studies suggested that insulinstimulated over activation of mTOR with concomitant activation of the S6K and of a mTOR inhibitor (rapamycin) may reverse this phenotype and almost completely abolish p70 S6 kinase phosphorylation (Blanchard et al., 2012; Sipula et al., 2006a) . Our results show that mTOR expression is apparently different from S6K activation, as mTOR expression level was higher in the liver and muscle tissues of the overfed geese; however, S6K expression level was lower in the liver, but not in the muscles of the same group compared with the controls. Previous studies demonstrated that raptor has a positive role in nutrient-simulated signaling to the downstream effector S6K1, which is enhanced in the presence of raptor. However, the removal of raptor does not abolish mTOR activity onS6K, which suggests that, in addition of raptor, mTOR kinase activity onS6K depends on other signaling regulator. Several studies have shown that S6K1 full activation requires not only Thr 389 phosphorylation by mTOR, but also phosphorylation at a homologous site (Thr252) by PDK1 (phosphoinositide-dependent kinase 1) (Alessi et al., 1998; Pullen et al., 1998) . Moreover, mTOR activation functions in two instinct complexes, mTORC1 and mTORC2. In addition to mTORC1, mTOR is also part of a distinct complex defined by the novel protein rictor (rapamycin-insensitive companion of mTOR) (Sarbassov et al. 2004) . It is well known that the mTOR-rictor complex has a positive role in Aktphosphorylation and activity (Sarbassov et al., 2005b) . Rictor knockdown mediated by siRNA does not reduce S6K phosphorylation (Sarbassov et al., 2004) . Thus, rictor is not a positive regulator of S6K phosphorylation. Intracellularly, the composition of the mTOR complex is dynamic that reductions in rictor levels lead increase the levels of the raptor-containing mTOR complex (Sarbassov et al., 2004) . These studies indicate that changes in mTOR activation are not associated with the downstream target S6K.
In conclusion, the present study demonstrated that overfeeding geese with carbohydrate-rich corn-based diet may induce mTOR pathway changes in the liver and muscle tissues, and that mTOR signaling pathway is closely linked with the PI3K pathway.
